were withdrawn from the vaginas of the living females; the laborious nature of the technique and the lack of certainty th at all of each ejaculate could be recovered in this way may be imagined.
The application of accurate quantitative standards has had to await the development of a suitable technique for collecting ejaculates; such a method has now been evolved to meet the requirements of artificial insemination. Collection of semen by use of an artificial vagina is the standard technique employed for this purpose, and it may be used either in conjunction with a female or an artificial female. The latter may be constructed so as to resemble the female of the species concerned, or, as in the case of the rabbit, may simply take the form of a cured pelt laid over the arm of the operator. The collecting technique has been fully described by Macirone and Walton (i938)-This technique has been used in the present experiment, the first of a series of studies of factors influencing fertility in the male, and, more particularly, factors influencing the production of spermatozoa.
Ma t e r ia l a n d m e t h o d s
The rabbit is a very suitable animal for a study of this n atu re; it can be readily trained to the collecting technique, and because of the very charac teristic orgasm th at accompanies ejaculation there is no doubt, such as sometimes exists in the case of males of some other species, that ejaculation has actually taken place.
Eight young bucks of a commercial strain were used in the experiment. They were fed on a ration of crushed oats and bran, mangels and sanfoin hay. Growth curves were kept by means of weekly weighings.
Ten ejaculates were collected from each buck on one day in each week. The ejaculates were taken in pairs at intervals of 2 hr., the first pair at 9 a.m. and the last at 5 p.m. There was an interval of about 5 min. between the first and second ejaculate of each pair. [Previous experience (Edwards and Walton 1939) had shown th at an exhaustion test of this kind is superior to isolated collections where reserves and rates of production of sperma tozoa are to be measured.] Before the ninth collection a doe in oestrum in which the Fallopian tubes had been cut was introduced to the cage of the buck and attem pts at copulation were permitted. The doe was then with drawn and the ninth collection taken. This was done to prevent, as far as possible, any reduction in the ejaculation of spermatozoa that might be caused by the gradual satiation of sexual appetite as stimulated by the artificial female, and although it soon became apparent th at this factor was of little significance the practice was continued until the end of the experi ment. I t was also adopted on the few occasions-27 in 1760 collectionson which a buck seemed to require the stimulus.
After each group of paired collections had been made the volumes of semen were measured. The jelly-like coagulum, secreted by the uterus masculinus, usually present in the first and second ejaculate though very rarely occurring in subsequent ejaculates, was first removed. The density of the spermatozoa in the ejaculate was then measured by the technique described by Walton (1927) .
It was found th at about 85 % of the total number of spermatozoa pro duced in the ten ejaculates in one day were present in the first six. Because ejaculates 7, 8, 9 and 10 and, more particularly, ejaculates 8 and 10 were of extremely small volume it was decided to adopt the total number of sper matozoa in the first six ejaculates as the index of the rate of weekly production.
T h e e f f e c t o f u n il a t e r a l ca st r a t io n The four experimental bucks were selected after five weekly collections had been made. None of the bucks had experienced an ejaculation before the first week of the experiment, and it was necessary to remove accumu lated spermatozoa before pairing them on a basis of rate of sperm produc tion. In table 1 it will be seen th at this was achieved after the second week, and that from the third to the fifth week the average rate of produc tion in the group of bucks subsequently to be unilaterally castrated bore a constant relation to th at of the control bucks. Immediately after the tenth collections on the fifth week the left testis in bucks 16 and 11 and the right testis in bucks 8 and 1 were removed under ether anaesthesia.
The unilateral castration did not affect the sexual vigour of these bucks either immediately afterwards or at any subsequent stage of the experi ment. Collections were made for a further period of 19 weeks; after the tenth and seventeenth weeks an interval of 14 days was allowed in order to observe the effect of the longer interval.
In table 1 results relating to 1056 ejaculates are summarized. In all except three cases the weekly total number of spermatozoa is th at contained in the first six ejaculates. In three cases perfectly normal copulations, as indicated by the orgasm, were not accompanied by ejaculation of semen and later collections were included to complete the group of six.
It is apparent from these results (arranged for control and experimental group averages in figure 1) that unilateral castration did not result in 
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One testis removed after collection made on this day.
(No collections were made at the 11th and hypertrophy of function in the remaining testis; the rate of spermatozoa production over the period of 19 weeks following operation remained at approximately one-half of that of the control group. As the volume of the ejaculate was not affected (table 2) the effect was seen in a reduced density of spermatozoa. This finding is in contrast with th at described by Smelser (1933) of the result of unilateral castration in the rat. There is, however, an important difference in technique which may explain the difference in result; spermatogenic activity in the remaining testis was measured, not, as in the present case, by regular collections of semen, but by counting the control 600 H experimental time of operation n u m b e r of collection (in te rv a ls of one w eek) F ig u r e 1. A verage r a te of p ro d u c tio n o f sp e rm a to z o a o f co n tro l a n d e x p e rim e n ta l bucks.
number of spermatozoa present in the epididymis 14-68 days after opera tion. In the single epididymis spermatozoa were found equal in number to those recovered from two epididymes in the control animals. I t is possible th at as a result of unilateral castration and in the absence of regular withdrawal of spermatozoa from the epididymis a greater accumulation occurred in the experimental animals. It is also to be noted th at the weight of the testis, which is a good indicator of spermatogenic activity (p. 417), is not correlated with the weight of the epididymis (p. 413), and it is therefore not certain that the numbers of spermatozoa found in the epididymis are a measure of rate of production. There is also the possibility of a species difference. (No collections w ere m ad e a t th e A gradual increase in the rate of production of spermatozoa during the course of the experiment is to be noted in the performance of all bucks; as the bucks were young, although sexually mature, at the beginning of the experiment, it is thought th at this increase is correlated with the growth increase over the period of 6 months. If this is accepted it is interesting to note that the increase in spermatozoa production in the unilateral castrates is of the same order as that in the controls; th at is, th at the factor causing the increase with age does not produce twice the effect in the former case.
T h e e f f e c t o f u n il a t e r a l c a str a tio n on t h e w e ig h t OF THE TESTIS AND EPIDIDYMIS After the tenth collection in the last day of the experiment the bucks were a t once killed by coal gas. The abdomen was opened, and when the testis had been withdrawn from the scrotum the caput and cauda of the epididymis were ligatured and dissected away from i t ; the vas deferens was also removed, and all were weighed. These results, together with those of the testes removed from the experimental bucks at the fifth week, are given in table 3. (The vasa deferentia of the experimental bucks were not removed until the twenty-fourth week.)
T a b l e 3. T h e e f f e c t o f u n il a t e r a l c a st r a t io n on t h e WEIGHT OF TESTIS AND EPIDIDYMIS C ontrol g roup E x p e rim e n ta l g ro u p * R em oved a t fifth w eek of e x p e rim e n t; all o th ers rem o v ed a t tw e n ty -fo u rth w eek.
In the 19 weeks following unilateral castration the remaining testis does not appear to have increased in size. In bucks 16 and 11 there is no dif ference in weight, and in bucks 8 and 1 the differences are small and of an order seen to exist between testes in the control bucks. The average weight of the four testes removed at the fifth week is 2-56 g. and of the four removed at the twenty-fourth week 2-69 g. The absence of compensatory hyper trophy in weight is in keeping with the results of the experiments of Lipschutz (1922) , who found no hypertrophy in the size of the testis of rabbits unilaterally castrated when mature and who defined apparent hyper trophy in rabbits similarly treated when young in terms of accelerated growth of the remaining testis; its ultimate size rarely exceeded the weight of a normal mature testis. The bucks used in the present experiment were, although young, sexually mature a t the time of operation.
In birds the position appears to be different. In poultry and ducks Benoit (1931) has found th a t complete compensatory hypertrophy occurs in birds in which one testis is removed between the age of 18 and 42 days, and Domm and Juhn (1927) have shown by operations at different ages that, although hypertrophy occurs in all cases, it is less marked as the age of the testis at the time of operation increases.
The epididymis appears also to be unaffected by unilateral castration for, as is shown in table 3, neither the caput nor the cauda of the remaining testis shows any increase in size.
T h e f r e q u e n c y o f c o l l e c t io n a n d t h e r a t e of PRODUCTION OF SPERMATOZOA If a measure of the rate of production of spermatozoa is to be obtained it is clear th a t the number of collections must be sufficient to avoid loss of ageing spermatozoa by liquefaction or dissolution (Simeone and Young 1931) and to permit a steady flow of spermatozoa into and through the epididymis. In the present experiment, for example, if compensatory hypertrophy in production of spermatozoa were to result in the remaining testis the epididymis might be incapable of containing or ejaculating the increased output of spermatozoa by the testis and ejaculates, unless increased in number, might fail to reveal the change taking place.
This possibility has been tested in several ways. In the first place a comparison has been made of the numbers of spermatozoa present in the epididymis of the bucks subjected to the regular weekly collections with those found in another group of four bucks of the same age and kept under identical conditions and differing only in the fact th at no ejaculates have been collected from them. In the absence of such collections it may be assumed that the numbers of spermatozoa recovered from this group indicate the numbers th at can be contained in the epididymal tract, and that lesser numbers in the case of bucks on the experiment indicate adequate removal by the periodic collections.
The numbers of spermatozoa normally present in the epididymis of the bucks on the experiment were found by adding the numbers present in the ten ejaculates collected prior to killing to the numbers subsequently recovered from the epididymis. In the case of the four remaining bucks (nos. 6, 5, 14 and 4) the numbers were, of course, those actually found in the epididymis.
The results are given in table 4, and from them it will be seen th at in no case do the numbers of spermatozoa found in the bucks on the experiment exceed those present in the non-collected bucks, and th at they are, in the majority of cases, considerably less.
[By a criterion of rate of spermatozoa production discussed on p. 417, th at of the weight of testis, buck 9 (control) and bucks 8 and 1 (experimental) should be compared with buck 6, testes weight 5-13 g.] The number of collections can therefore be considered to have been adequate. Further evidence is provided by comparisons within the control and experimental bucks. By comparing the first weekly collections, which, since none of the bucks had previously ejaculated, represented removal of spermatozoa from a full epididymis, with the second and later weekly collections, it will be seen th at the bucks possessed a storage and ejacu latory capacity greatly in excess of th at required for the numbers of sper matozoa collected at weekly intervals. This was again seen to be the case on the two occasions in which an interval between collections of fourteen days was substituted for an interval of seven days; both the control bucks and the experimental bucks (now operated) were found to be capable of storing and ejaculating the almost proportionate increase in numbers of spermatozoa collected. The results, taken from table 1, are as follows (table 5): T a b l e 5. T h e e f f e c t o f v a r y in g in t e r v a l b e t w e e n co l l e c t io n s ON NUMBERS OF SPERMATOZOA I t seems very likely, therefore, th at if unilateral castration had resulted in an increased output of spermatozoa by the remaining testis a single epididymis would have been capable of containing and ejaculating it.
Finally, there is the evidence provided by the correlation found to exist between the weight of the testis and the rate of produ ction of spermatozoa (p. 417). I t is unlikely th at the nature of this relationship could have been defined if, for any reason, the number of collections had not been sufficient to account for all or most of the spermatozoa being produced. produced is obtained by averaging the weekly total number of spermatozoa in eight ejaculations (omitting collections 8 and 10 because of their very small volumes) in the 4 weeks prior to killing. The regression formula is :
Sxy -1 *911, and the regression line together with the individual values in the distribu tion are given in figure 2. The regression is highly significant. In the case of the bucks used in this experiment it appears th at 1 g. of testis is producing roughly 100 million spermatozoa per week.
T a b l e 6. R e l a t io n b e t w e e n w e ig h t o f t e s t is (e x p e r im e n t a l b e c k s ) E = e x p e rim e n ta l; (7 = 00111101.
T h e r a t e o f d e s c e n t o f sper m a t o z o a in t h e e p id id y m is
From the facts in table 4 an estimate of the time taken by the sper matozoa to traverse the epididymal tract can be made by comparing the numbers of spermatozoa present in weekly collections with the numbers that remain. I t is not to be expected th a t the numbers recovered from the tract necessarily indicate the spermatogenic activity of the testis because, as is shown in table 3, there is no evidence of a correlation between the weight of the testis and the weight of the cauda which is the part of the tract pos sessing the largest storage capacity. The numbers found are likely to depend therefore both on the level of spermatogenic activity and the capacity of the tract.
W ith this reservation, it will be seen (table 4) th at in the cases of bucks 3, 10, 8 and 11 the numbers of spermatozoa withdrawn in ten collections prior to killing are roughly the same as those remaining in the tract. These latter, since the weekly numbers of spermatozoa collected were fairly constant (table 1), would presumably have been recovered at the next weekly collection and a like number would have moved into the epididymis. The rate of passage through the epididymis would therefore have been accom plished in about 7 days. In the case of the remaining bucks, and especially bucks 13 and 16, the t ime taken must be much less for the numbers of spermatozoa remaining after ten collections are much smaller than those removed. A more rapid rate of descent, accomplished perhaps in 3-4 days, must therefore be possible.
These estimates are considerably shorter than those made by Toothill and Young (1931) for the rate of descent of spermatozoa in the epididymis of the guinea-pig. The technique they employed consisted of injecting sterile India ink particles into the caput of the epididymis and observation of the time taken for the particles to appear in the ejaculate. In sexually inactive males particles were recovered in the lower part of the epididymis in about 14-18 days; in males made to ejaculate by means of an electrical stimulus, in about 12-16 days, and in males in which the connexion between the testis and caput was ligatured at the time of injection, in 21-37 days. Gunn (1936) employed this technique with rams and found it unsatis factory because of the difficulty of injecting the ink particles into the lumena of the tubules. Ink particles unavoidably injected into the walls of the tubules appeared as lumps in the ejaculate when the walls broke down. This difficulty was overcome by injecting ink into the rete of the testis. In animals so treated and made to ejaculate by an electrical stimulus ink particles appeared in 5-6 days. (From these observations the frequency of ejaculation employed is not clear.) Phillips and MacKenzie (1934) have based an estimate of rate of descent on the time required for the appearance of abnormal forms of spermatozoa in the ejaculate of rams in which the spermatogenic activity of the testis has been impaired or is in process of being destroyed by heat treatment. In such cases abnormal forms appeared in 4-13 days in rams allowed three services daily on every third day. Gunn questions the validity of such a method of estimation because he has found th at heat treatm ent may also produce abnormal forms of spermatozoa among those already present in the epididymis at the beginning of the treatment.
Because of the apparent deficiencies of these methods of estimation it is suggested th at the method described in the present experiment-th at of relating the numbers of spermatozoa present in the ejaculates to the numbers remaining in the tract of males subjected to regular collectionsmight be employed in experiments designed to discover the rate of descent especially with respect to its relation to frequency of ejaculation.
D isc u s sio n
The most significant finding is the fact th at unilateral castration does not cause compensatory hypertrophy of function in the remaining testis. This is in sharp contrast to the behaviour of the ovary. Asdell (1924) has shown that if one or one and one-half ovaries are removed in a mature female rabbit complete compensatory hypertrophy of function takes place rapidly in the remaining ovarian tissue; the numbers of ova shed are equal to those previously produced by two ovaries. It is now generally agreed that these numbers are determined by the level of gonadotropic hormones in the blood. Smith and Engle (1927) have demonstrated the close relationship that exists between the anterior pituitary gland and the functioning of the testis in the ra t; removal of the gland stops spermatogenesis. Smith (1930) has also shown th a t implantation of pituitary gland in hypophysectomized rats will enable the testis to resume normal function. While this relationship is thus clearly established the results of the present experiment suggest that the effect of the pituitary gland is not quantitative. The evidence of the effect of unilateral castration, of the relationship between the weight of the testis and its rate of spermatozoa production (p. 417), together with that of the growth effect (p. 413) suggest th at the testis itself exercises ultimate control on the number of spermatozoa produced. Further experiments are being designed to test this hypothesis and to attem pt to find the nature of the control.
I am most grateful to Dr J. Hammond, F.R.S., for his interest and criticism in the course of this work.
Sum m a r y
The effect of unilateral castration in the sexually mature rabbit on the production of spermatozoa has been studied quantitatively by means of semen exhaustion tests.
The frequency of collection is shown to have kept pace with the rate of production of spermatozoa by the testis.
Contrary to what occurs in the ovary there is no hypertrophy of spermatogenic function or of weight of testis following unilateral castration.
There is a highly significant positive relationship between the weight of the testicular substance and the numbers of spermatozoa which it produces.
The passage of spermatozoa through the epididymis may be accomplished in 4-7 days.
